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Abstract
Background: The importance of maternal sleep and its contribution to maternal and fetal health during pregnancy
is increasingly being recognised. However, the ability to accurately recall sleep practices during pregnancy has been
questioned. The aim of this study is to test the accuracy of recall of normal sleep practices in late pregnancy.
Methods: Thirty healthy women between 35 and 38 weeks of gestation underwent level III respiratory
polysomnography (PSG) with infrared digital video recordings in their own homes. Data regarding sleep positions,
number of times getting out of bed during the night and respiratory measures were collected. A sleep questionnaire
was administered the morning after the recorded sleep. Continuous data were assessed using Spearman’s Rho and
Bland-Altman. Cohen’s Kappa was used to assess recall in the categorical variables.
Results: Two-thirds of participants went to sleep on their left side. There was good agreement in sleep onset position
between video and questionnaire data (Kappa 0.52), however the there was poor agreement on position on wakening
(Kappa 0.24). The number of times getting out of bed during the night was accurately recalled (Kappa 0.65).
Twenty five out of 30 participants snored as recorded by PSG. Questionnaire data was inaccurate for this measure.
Bland-Altman plots demonstrated acceptable agreement between video and questionnaire data for estimated sleep
duration, but not the time taken to fall asleep (sleep latency). One participant had mild obstructive sleep apnoea and
another probable high upper airways resistance.
Conclusions: Sleep onset position, sleep duration and the number of times getting out of bed during the night were
accurately recalled, but sleep latency and sleep position on waking were not. This study identifies the sleep variables
that can be accurately obtained by questionnaire and those that cannot.
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Background
The importance of maternal sleep in late pregnancy
(>28 weeks), in particular sleep position, with respect
to stillbirth risk was identified by The Auckland Stillbirth
Study [1] and has been confirmed by two subsequent
studies [2, 3]. Fatal outcomes related to sleep disordered
breathing [4] and supine hypotension syndrome [5]
have been documented, demonstrating their potential
significance in sleep in pregnancy, and thus the im-
portance of accurate recall. The data reported in The
Auckland Stillbirth Study relied on maternal recall of
sleep behaviour, a limitation identified by the authors
and in an accompanying editorial [6]. The editorial
[6] and subsequent correspondence highlighted the
possibility of recall bias.
In 1994 Mills et al. [7] observed the sleep of 51 preg-
nant women (≥30 weeks gestation) and 31 non-pregnant
controls in antenatal and gynaecological wards and
noted their initial sleep position. The majority of pregnant
women settled to sleep in lateral positions, predominantly
left lateral (77 %), with only 2 % supine. The non-pregnant
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controls’ sleep onset positions were more evenly spread
amongst the left (26 %), right (32 %) and supine (38 %)
positions.
More recently, O’Brien and Warland [8] reported the
typical night time sleep positions and duration of
position adopted by 51 pregnant women (7–38 weeks
gestation, mean 28.3 ± 6.9 weeks) using level III respiratory
polysomnography (PSG) sleep studies. In the subgroup
analysis of the participants who were greater than 28 weeks
gestation (n=33), the median proportion of time spent
supine (26.5 %) was less than time spent on the left
(35.7 %) and right (35.5 %) lateral. The duration spent in
each position, sleep onset and awakening positions, and
the accuracy of the women’s recall were not reported.
Warland and Dorrian [9] validated the ability of preg-
nant women to recall sleep position over three nights
using video analysis and sleep diaries. They instructed
the women to settle to sleep in the left lateral position
and to resettle in the left lateral if they woke, and asked
them to report how long they believed they spent in that
position overall. These two studies are complementary,
in that the first describes normal sleep practices [8], and
the latter reliability of recall [9].
The Auckland Stillbirth Study identified that self-
reported maternal position at sleep onset, waking position
and the number of times getting up at night to use the
toilet may be associated with likelihood of late stillbirth.
However the ability of the women to accurately recall this
information was not known. It is therefore pertinent to
report the accuracy of recall of night-time sleep, not influ-
enced by investigator instruction.
The purpose of this study was to assess the accuracy




Healthy women aged ≥ 18 years with a normal singleton
pregnancy, late in the third trimester (35–38 weeks
gestation), were recruited from low risk midwifery care.
Exclusion criteria included: current smoking or alcohol
use, any medical or obstetric complications (e.g. intra-
uterine growth restriction, preeclampsia, any known
cardiovascular, respiratory or renal disorders, all forms
of diabetes), not regularly attending scheduled obstetric
appointments, and orthopaedic or musculoskeletal con-
ditions which would make adopting different maternal
positions difficult. Birth outcome data were collected
to confirm the normal health status of the mother
and neonate.
Experimental design/protocol
All sleep studies were performed in the participants’ homes.
The participants were set-up for Level III respiratory PSG
(Embletta® Gold, Embla, Broomfield, CO, USA) and in-
frared digital video recording of sleep (HDR-SR12E
Camcorder, Sony, Tokyo, Japan) with an external infra-
red light (Sony HVL-IRM). The level III respiratory
PSG is a sleep study without electroencephalography
(EEG) for sleep staging. The camcorder was set at a
high definition 1920 × 1080i resolution and a sample
rate of 25 Hz. The PSG devices were programmed to
start one hour before the participants’ estimated bed
time, and to stop one hour after the estimated wake
time. To ensure clock-synchronisation of the sleep appar-
atus with the video, participants pressed the event marker
button in view of the camera immediately before turning
off the room lights. Participants were instructed to sleep
as normal with regards to bed time and wake time, num-
ber of pillows and lighting. However, some bed partners
chose not to sleep in the same bed on the study night. Par-
ticipants abstained from caffeine, chocolate and strenuous
exercise on the day of study. Current and pre-pregnancy
Body Mass Index (BMI; kg.m−2) were calculated using
self-reported height and weight measurements. Gestation
at the time of assessment was based on first trimester
ultrasound scanning.
A sleep questionnaire was administered as a face-
to-face interview the morning after the PSG. No informa-
tion regarding the content of the questionnaire was given
to the participants prior to its completion. The partici-
pants were told the purpose of the study was to describe
normal sleep in healthy pregnancy and were not informed
that a purpose of the study was to assess the accuracy of
their responses, so as not to influence their awareness of
sleep, how they might sleep, and their questionnaire
responses. Furthermore, no prompts were given to help
them recall any aspect of their sleep for the questionnaire.
The questionnaire is available as supplementary material
(Additional file 1).
Data analysis
The questions participants were asked and correspond-
ing video measures are presented in Table 1. This ques-
tionnaire was similar to that used in a previous study by
our research group [10], itself based on the sleep aspects
of the questionnaire portion of The Auckland Stillbirth
Study dataset [1, 11]. The additional question about
snoring on the study night was compared to measures of
snoring on the derived snore trace from the nasal can-
nula. The automated output snoring measures generated
by the sleep software were total snore time, snore time
as a proportion of the study period, number of snoring
episodes over the study period, mean duration of each
snoring episode, and longest snoring episode. Due to the
inability to control for degree of incline and head-tilt
that the women adopted during sleep (and the difficulty
in measuring it accurately), no distinction was made
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between supine and semi-recumbent positions, with all
marked as “supine”.
The study duration was calculated as the time interval
from the first to last recumbent position observed in the
video. As there are no clearly defined criteria for defin-
ing sleep onset from video data, it was defined as the
first three minute period with no movements, similar to
that used previously in an accelerometry study [12]. Pos-
ition changes were therefore counted as positions lasting
three minutes or longer, with shorter duration positions
considered to be part of the transition between sleep
positions. Sleep latency (time taken to fall asleep), sleep
duration, and toilet visits (questionnaire) or getting
out of bed (video), were assessed for agreement be-
tween video and questionnaire by Spearman’s Rho.
Bland-Altman plots were also used to assess pregnant
participants’ recall of sleep latency and sleep duration.
Cohen’s Kappa was used to assess recall in the categorical
variables. In addition to the questionnaire responses com-
pared to video data in Table 1, additional questions were
asked to describe normal sleep. Participants were asked if
they had difficulty getting to sleep (Yes, No) and getting
back to sleep if they woke (Yes, No, Didn’t wake), if they
were restless on the night of the study (Not at all, A little,
Average, More than average, Very restless), and their over-
all sleep quality on the study night (Very good, Fairly
good, Average, Fairly bad, Very bad). Unless otherwise
stated, continuous sleep data are presented as Median
(Range). All PSG data were assessed by a single observer
(JM) according to the American Academy of Sleep
Medicine 2012 guidelines [13]. All video data were
assessed by a single observer (CI). Statistical analyses
were performed using SPSS Statistics version 22 (IBM
Corp., Armonk, NY).
The data presented here were collected concurrently
as part of a study of polysomnography during pregnancy.
The sample size was thus primarily calculated according
to the physiological outcomes for that study and not for




Thirty pregnant participants completed this study.
Twenty four were in their first (ongoing ≥20 weeks’)
pregnancy and six had had one or more previous births.
The mean gestation at assessment of 37 weeks’, was nor-
mally distributed. Birth outcome data were available for
29 participants and birth weights for 27 participants; the
remaining participant could not be contacted. Mean ges-
tation at birth was 40 ± 1 weeks’ (n=29) and mean birth
weight 3410 ± 391 g (n=27). All infants were live born,
and free of congenital abnormalities (n=29). Participant
characteristics are presented in Table 2.
Sleep parameters
The sleep description data are presented in Table 3.
Three (10 %) participants did not remember what pos-
ition they went to sleep in (whom the video recorded as
being two right lateral and one supine). Twenty two
participants (73 %, Kappa 0.52) accurately recalled the
position they went to sleep in. Twenty one participants
(70 %) maintained the position at sleep onset for more
than 60 min, and only one participant for less than
25 min, with a group median (range) of 73.5 (7.2–261.1)
minutes. The wake position could not be determined
from video on one occasion when the infrared light
failed near the end of the study. The position was de-
termined using the PSG position sensor for this one
participant. Six (20 %) participants could not recall
what position they woke in. The position at waking
was in agreement between video and questionnaire
Table 2 Participant characteristics; Mean ± standard deviation
Age (years) 30.8 ± 5.2
Height (cm) 165.4 ± 6.6
Current Weight (kg) 76.8 ± 14.1
Pre-pregnancy weight (kg) 62.8 ± 12.3
Current BMI (kg.m−2) 28.0 ± 4.1
Pre-pregnancy BMI (kg.m−2) 22.8 ± 3.5
Neck circumference (cm) 33.8 ± 2.4
Table 1 Questionnaire and video comparisons
Questionnaire Video
Sleep latency: How long do you
think you took to fall asleep?
Time from first time recumbent
until first completed three
minutes period of immobility.
Sleep duration: How many hours of
actual sleep do you think you got?
Time between first time asleep (as
estimated by above criteria) and
last time recumbent, minus time
spent out of bed.
If you woke up, how many times
did you go to the toilet?
Number of times observed getting
out of bed.
What position did you fall asleep
in last night?
First position with greater than
three minutes immobility.
What position did you wake up in? Last position with greater than
three minutes immobility.
Did you change sleep position
during the night?
0: Not at all
1: Possibly once
2: Possibly twice
3: More than twice but not lots
4: Lots of times.





3: Between three and eight
changesa
4: Nine or more changesa.
Did your legs twitch or jerk often
while you slept last night?
Yes, No, Don’t know
Presence or absence of sustained
leg movements not associated
with position changes.
adetermined based on distribution of questionnaire responses
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for twelve (40 %) participants (Kappa 0.24). There was no
relationship between position at sleep onset and waking
(Kappa −0.13).
There was good agreement between questionnaire data
and the video regarding the number of times the women
reported getting out of bed and the number of times
they were observed getting out of bed (Kappa 0.65). It
was not possible to assess leg movements from the video
due to the bed clothes. Therefore the ability of partici-
pants to recall this could not be verified.
Sleep duration as estimated by the video and in the
questionnaire had a correlation of r=0.60 (p=0.001). The
Bland-Altman plot (Fig. 1) demonstrated a mean differ-
ence in estimated sleep duration of 1.1 h (95 % CI: −0.8,
3.0 h). There was poor correlation between estimated
sleep latency in the video and questionnaire (r=−0.18).
The Bland-Altman plot (Fig. 2) demonstrated that sleep
latency was on average overestimated by 9.8 min (95 %
CI: −45.0, 25.5 min). Most participants underestimated
sleep duration and overestimated sleep latency (87 %
and 80 % of participants, respectively), but both Bland-
Altman plots demonstrate negative trends, suggestive of
a poor agreement at shorter sleep durations and longer
sleep latency, and smaller differences when sleep duration
is longer and when sleep latency is short.
According to the automatic snore detection, 25 (83 %)
of the participants snored at least some of the night.
When asked if they snored on the study night, six (20 %)
responded “Yes”, nine (30 %) responded “No”, and 15
(50 %) responded “Don’t know”. There was no clear
association between any of the PSG derived snoring
Table 3 Sleep and questionniare summary descriptive data
Variable Video Questionnaire
Number who slept on left side of
bed
23/30 -

















Don’t know - 6/30
Times out of bed 1 (0 – 6) 1 (0 – 6)
Total time out of bed (minutes) 2.5 (0 – 21.3) -
Study duration (hours) 8.6 (6.8 - 9.8) -
Estimated sleep duration (hours) 8.2 (6.6 – 9.5) 7.0 (4.0 – 9.5)
Estimated sleep latency (minutes) 11.4 (4.5 – 50.6) 20.0 (1.0 – 60.0)
Total time in each position (hours)
Left 4.3 (0.45 - 7.7) -
Right 2.0 (0–5.7) -
Supine 1.6 (0–11) -
Total time in each position (% of
sleep study time)
Left 49 % (5–90 %) -
Right 26 % (0–67 %) -
Supine 19 % (0–75 %) -
Average time spent in position
before changing (minutes)
Left 34.8 (3.2 – 55.2) -
Right 39.4 (0 – 58.6) -
Supine 14.8 (0 – 50.0) -
Number of times in each position
Left 4.5 (1 – 10) -
Right 3 (0 – 7) -
Supine 3 (0 – 11) -
Number of position changes 8 (1–22)








Table 3 Sleep and questionniare summary descriptive data
(Continued)
Number of participants that
reported difficulty getting back
to sleep after waking
Overall self-reported sleep quality in
questionnaire
“Very bad” - 0/30
“Fairly good” - 8/30
“Average” - 16/30
“Fairly bad” - 6/30
“Very good” - 0/30
Reported restlessness in
questionnaire
“Not at all” - 2/30
“A little” - 7/30
“Average” - 14/30
“More than average” - 6/30
“Very restless” - 1/30
Data presented as number of participants out of sample of 30 participants, or
as Median (Range)
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statistics and questionnaire response (data available in
supplementary files; Additional file 2).
PSG
The apnoea-hypopnoea index (AHI) and oxygen desat-
uration index (ODI) derived from the PSG could not be
measured in two participants due to failure of the pulse
oximetry. The median (range) AHI and ODI for the
remaining 28 participants were 0.2 (0 – 7.9) and 0.9 (0 –
36.1) events per hour, respectively. The individuals’ aver-
age pulse oximetry over the night had a median (range)
of 97 % (95 – 98). One participant was classified as
having mild obstructive sleep apnoea, with an AHI of
7.9/h (normal being < 5/h) and an ODI of 14.5/h (normal
being < 5/h). One participant was diagnosed with probable
high upper airways resistance, and had an ODI of 36.1/h
(mean saturation 96.7 %, average desaturation 3.8 %), but
an AHI of only 0.2/h.
Discussion
The purpose of this study was to assess the accuracy of
self-reported aspects of a night’s sleep in late pregnancy
in healthy women. The primary variables of interest
were the position at sleep onset and waking, and the
number of times participants got out of bed during the
night, as these were the most important modifiable fac-
tors related to sleep identified by The Auckland Stillbirth
Study [1].
The position at sleep onset was identified at the first
time point where the participants lay still for greater
than three minutes. The majority of participants were
identified as falling asleep on their left side (67 %), and a
minority settled to sleep in the supine position (7 %).
There was good agreement for sleep onset position be-
tween video and questionnaire, and sleep onset position
was maintained for greater than an hour in 70 % of
participants, with only one participant changing in less
Fig. 1 Bland-Altman plot for estimated sleep duration; difference between video and questionnaire. Broken lines indicate mean difference and upper
and lower limits of agreement (95 % confidence intervals)
Fig. 2 Bland-Altman plot for estimated sleep latency; difference between video and questionnaire. Broken lines indicate mean difference and upper
and lower limits of agreement (95 % confidence intervals)
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than 25 min. In contrast, in only 40 % of participants
did video confirm the stated recalled waking position.
However, the accuracy of the recalled position at sleep
onset and waking may have been better than our data
suggests, as there may have been a discrepancy between
the video assessment criteria and the self report. This is
particularly likely for waking, where “waking up” can
occur over time, or in phases, making it difficult for the
participant and the video assessor to define when waking
occurred. Sleep staging with EEG might have addressed
this discrepancy, but ambulatory EEG was not available
for this study. However, as with video determined sleep
onset, true-physiological sleep onset and waking may
still be at a different time from that perceived by the
women, especially in fragmented sleep or in a prolonged
wake-up period. Unlike The Auckland Stillbirth Studies
[1] the position at sleep onset and wake was not related.
In The Auckland Stillbirth Study, 27 % of women re-
ported going to sleep on the left side. The increased
number in the current study initiating sleep on the left
side (67 %) may have contributed to both their improved
recall of sleep onset position, and the poorer relationship
with position at awakening, as sleep onset position is
likely to be deliberate, whereas position at awakening is
not. Although it was not asked in the questionnaire, it
is possible that the awareness of The Auckland Still-
birth Study findings in this Auckland-based population
influenced the intentional adoption of the left lateral
position at sleep onset.
The number of times the participants were observed
getting out of bed matched the reported number of
visits to the toilet in 22 out of the 30 participants (73 %).
The Kappa statistic (0.65) indicates that this variable is
recalled fairly accurately.
There was good recall of sleep duration. However, as
demonstrated by the Bland-Altman plot (Fig. 1), the
agreement improved as sleep duration increased. Short
sleep duration has been linked to underestimation of
sleep duration (although not to objective PSG measures
of fragmentation) in patients with insomnia symptoms
[14]. However, another study observed no relationship
between objectively (EEG) measured total sleep time and
subjective reports by third trimester women, with equal
numbers overestimating and underestimating total sleep
time [15]. In the current study, sleep duration was esti-
mated by lack of movement (and wakening by the
ceased immobility) in the video data. This may lead to
over estimation of sleep as video assessment cannot
accurately assess the amount of time that participants
were awake whilst lying still in bed, and thus may have
contributed to the underestimation by the participants.
Previously reported mean sleep durations of 7.5 ± 1.8 h
[10] and 7.45 ± 1.19 h [9] in late pregnancy were less
than the median value estimated by the video analysis
(8.2 h), but higher than the self-reported values (7.0 h)
in this study.
The correlation between the two measures of estimated
sleep latency was weak, and the limits of agreement (95 %
confidence intervals) were too large to be considered clin-
ically acceptable (±35 min). Consistent with the current
study, a previous study showed that approximately 80 %
of both non-pregnant and third-trimester women over-
estimate sleep latency when compared to objectively
(EEG) measured sleep latency [15]. However, Wilson et al.
[15] also demonstrated that the definition used for sleep
latency affects agreement, with sleep latency to the first
ten minutes of continuous sleep having the greatest agree-
ment with perceived sleep latency in the pregnant group.
The first period of three minutes of immobility was used
in the current study, but perhaps the time to the first ten
minutes of continuous sleep measured objectively using
EEG would have yielded greater agreement. Regardless,
both this study and that of Wilson et al. [15] demonstrate
that sleep latency is difficult to estimate.
Self-reported snoring is a measure commonly used in
sleep research in pregnancy, but has inconsistent find-
ings regarding its association with pregnancy outcomes
e.g. [16–21]. The derived snoring statistics in the current
study suggest that self-reported snoring may not be a
valid measure in healthy pregnancy where the snoring
may not be considered severe, which may explain the
inconsistency regarding pregnancy outcomes. It is import-
ant to note that the snoring statistics were calculated
from the derived snoring signal, determined by vibra-
tions in the nasal cannula. This may detect very quiet
snoring or flow limitation that would not disturb the
participant or their bed partner, and which may or may
not be clinically important.
This study provides additional information to the
pregnancy sleep literature. The participants in the study
of Warland and Dorrian [9] kept a sleep diary, and
women were instructed to sleep on their left side. Their
study demonstrated that pregnant women were able to
estimate the time spent in different positions with mod-
erate accuracy, and they could change the position they
slept in when instructed to do so. The efficacy of such
interventions will provide important information if it is
confirmed that a certain sleep position can be protective
against adverse events without meaningful reductions in
sleep quality. The current study tested the recall of a
night’s sleep in late pregnancy, with no instruction on
how to sleep, nor were participants made more aware of
their sleep behaviour by keeping sleep diaries or having
knowledge of the questionnaire content. These studies
together with that by O’Brien [8] provide some very
useful and encouraging information. Collectively, they
show that women can accurately recall the positions
they adopt at sleep onset, and to a lesser extent, at
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waking, and provide a description of sleep, whether as a
“usual” night or one where they are instructed to change
their habits [9].
A limitation of our study was that, unlike Warland
and Dorrian [9], we did not ask women what propor-
tion of the night they believed they spent in each
position. Whilst position at sleep onset and waking was
shown to be associated with late stillbirth risk in The
Auckland Stillbirth Study, sleep position at onset and
wake may or may not correlate with sleep positions
adopted by pregnant women for the majority of the
night. This may have been a useful measure to include
in the questionnaire in this study.
As only a level III PSG device (non-EEG) was available
for this study, we were unable to assess sleep staging
and identify true physiological sleep onset (and therefore
sleep latency) and waking. The use of EEG may have
facilitated agreement for position at sleep onset and wak-
ening, and perhaps based on the recommendations of
Wilson et al. [15] also sleep latency. Surface electromyog-
raphy would have been useful to detect leg movements
and to assess if the women were aware of its occurrence.
Conclusions
This study provides useful information about patterns of
normal sleep in healthy late pregnancy, and demon-
strates the accuracy of certain self-reported aspects of
sleep behaviours. Sleep-related factors that have been
associated with late still birth incidence [1], including
position at sleep onset and number of times the women
got out of bed, were found to be recalled accurately.
Therefore, self-reported measures of these variables can
be considered reliable. Position at waking was found to
have a lower accuracy, although this may be due to
methodological issues, or the effects of a phased or
prolonged wake time.
Future studies may consider a Level I (in-lab) or Level
II (unattended) PSG with EEG for sleep staging. Future
studies could examine how sleep patterns differs in
obese or high-risk pregnant women, in non-singleton
pregnancies, or in the presence of confirmed sleep disor-
dered breathing in pregnancy, as well as the ability to
recall events accurately.
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